


L

EE . -t o




'l ll ; " b JERaane 2 ng hoad -

b

, UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE
Form Approved
REPORT DOCUMENTATION PAGE OMB No. 0704-0188
[ m S —————————
1a. REPORT SECLRITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
%
28. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/ AVAILABILITY OF REPORT
Approved for public release; distribution
2b. DECLASSIFICATION / DOWNGRADING SCHEOULE is unlimited.
| m 1
4. PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

AAMRL-TR-87- 074

' T T T T T T S I T ———— T
- 6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL | 7a. NAME OF MONITORING ORGANIZATION
| Harry G. Armstrong Aerospace (f applicable)

‘| Medical Research Laboratory HEG
r 6¢c. ADDRESS (City, State, and ZIP Codle) 7b. ADDRESS (City, State, and ZIP Code)

'l Wright-Patterson AFB OH 45433-6573

8a. NAME OF FUNDING / SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
. ORGANIZATION (If applicable)
f 8c. ADDRESS (CHy, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
i PROGRAM PROJECT TASK WORK UNIT
) ELEMENT NO. | NO. NO. ACCESSION NO.
62202F 7184 14 07

11. TITLE (Include Security Classification) . . .
Diazepam and Its Effects on Psychophysiological and Behavioral Measures ot Performance (U)

(12, PERSONAL AUTHOR(S)
Rizzuto, Anthony P., Ph.D.

1

t N

i 13a_TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) |15. PAGE COUNT
i Dissertation rromDec 85 1o Dec 87 1987 December 94

16. SUPPLEMENTARY NOTATION

Dissertation at Bowl ing Green State University, Bow! ing Green, Uhio

17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse If necessary and identify by block number)
FILiD GROUP SUB-GROUP ) .
; Evoked Potential s Diazepam
05 08
Human Performance Test Battery

19/ ABSTRACT (Continue on reverse If necessary and identify by block number)

—> This study investigated the use of a neuropsychological test battery to test human
performance and evoked response decrements under the intluence of a minor tranquilizer. A
10mg oral dose of diazepam (Val ium) and placebo, preceded by basel ine measurements, were
adninistered on separate days resulting in four measurement sessions for each subject. A
prototype neuropsychological test battery, capable of stimulus presentation, measurement,

'} and storage was used to test (a) the steady state visual evoked response to both patterned
and unpatterned multi-frequency stimul ation;(b) the tnansient visual evoked response to
both a stroboscopic flash and a transient stimulus imbedded in a tracking task; (c) critical
fl icter fusion (CFF); and (d) reaction time, error rate, and a cognitive positive peak
(P300) evoked in response to tasks involving auditory discrimination, short term memory,
and §pat1al processing. Means from two basel ines and the placebo measurement session were
combined and compared to the diazepam measurement session using paired t-tests.~ Physio-
Togical variables indicated significantly s)owed neurological transmission speed—> (over) -

— e —— e, o D

b — o gy =

20. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21, ABSTRACT SECURITY CLASSIFICATION L
UNCLASSIFIEDUNLIMITED [ SAME AS RPT.  [] DTIC USERS UNCL ASSLE IED —
22a. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (include Area Code) | 22¢. OFFICE SYMBOL
| Dr Glenn F. Wilson J(513) 255-8748 AAMRL /HEG
DD Form 1473, JUN 86 Previous editions are obsolete. SECURITY CLASSIFICATION OF THIS PAGE
/g UNCLASSIFIED

-

ottt et ————




(/’\‘

-as well as deficits in visual acuity, attention, and intensity perception. The

perception of both high frequency unpatterned flicker and CFF were unchanged.

The perceptual evoked response also showed degradation accompanied by increased
errors in the tracking task; however, ampl itude did not degrade as the task became
more difficult indicating neural activation as task involvement increased. The P300
showed latency increases and ampl itude decreases accompanied by increased errors in
the auditory discrimination task. Similar P300 decrements were noted in the short
term memory task and the spatial processing task while the accuracy of the behavioral
response remained largely unaffected. Additional analysis showed that the decrement
was due largely to cognitive processing decrements caused by the diazepam. Power
calculations showed that the significant differences were achieved with a high

i degree of confidence.

~> Results indicated significant physiological, behavioral, and cognitive
decrements in response to the diazepam. The simul taneous measurement of behavioral
performance and cognitive evoked responses yielded an unprecedented ability to
investigate the processing areas affected by the drug. Implications for more
widespread use of the equipment and procedures are discussed. '
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PREFACE

The purpose of this study was to test the effects of a
10 mg oral dose of diazepam (valium) on psychophysiological and
performance measures. The neuropsychological Workload Test Bat-
tery was used to monitor the effects. The research effort was
performed in support of Project 7184 by the Armstrong Aerospace
Medical Research Laboratory (AAMRL), Human Engineering Division,
Wright-Patterson Air Force Base, Ohio 45433-6573.

The study is partial fulfillment of the requirements for a
doctoral degree from Bowling Green State University, Bowling
Green, Ohio under Air Force Institute of Technology sponsorship.

The author wishes to acknowledge those people who lent their
support, guidance, and efforts toward the successful completion of
this project. Sincere appreciation is expressed to my advisor, Dr.
Harold Johnson, for his constant direction and encouragement, from
the project's initial stages to its completion. Special thanks
are also extended to committee members ~-- Drs. Robert Guion, John
Tisak, and Elmer -- for their helpful suggestions and criticism
throughout the development of the research and writing. The author
also wishes to gratefully acknowledge the Commander, Director and
staff of the Harry G. Armstrong Aerospace Medical Research Labora-
tory who provided the equipment. facilities, and staff that made
research of this scope possible. Special appreciation is extended
to Ms. Iris Davis and Ms. Kathy McCloskey (Systems Research Lab-
oratories), Dr. Glenn Wilson and Mr. Ronald Yates (Human Engineer-~
ing Division), and Drs. David Toth and George Potor {Biodynamics
and Bioengineering Division) for their help in sv’)ject screening,
preparation, and test exposure, technical assistance, and medical
backup.

Sincere gratitude is also expressed to the author's family
whose encouragement and understanding se.ved as constant inspira-

tion toward the accomplishment of this educational goal.
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INTRODUCTION

Both the transient and steady state evoked responses have found con-
siderable utility in research involving neuropsychological, behavioral,
cognitive, and clinical assessment (Beck, 1975; Chiappa & Ropper, 1982;
Davies & Parasuramen, 1977; Donchin, 1968; Donchin & Cohen, 1967, 1969;
Donchin & Sutton, 1970; Kutas, McCarthy, & Donchin, 1977; Regan, 1975,
1977a, 1977b; Shaefer, 1977). Several separate lines of research over the
past decade have focused on discrete aspects of the human evoked response
in an effort to demonstrate its validity and reliability as a diagnostic
tool. For example, the visual evoked response has been studied extensively
in terms of its ability to assess visual acuity. Harter and White (1970)
were among the first to note that there were systematic changes in the
transient visual evoked response to a patterned stimulus with progressive
defocussing. These authors, using a checkerboard pattern flashed at the
rate of once per second (1 Hz) found that the subjects' averaged electro-
encephalographic (EEG) response contained peaks that were maximal when the
image was in focus. These authors suggested that the spherical correction
for an unknown eye could be determined by systematically inserting correc-
tive lenses until an optimal evoked response was obtained. Since further
study demonstrated this measure to be a sensitive and objective index of
acuity (Marg, Freeman, Peltzman, & Goldstein, 1976), correlating with more
tediously determined psychophysical thresholds, its impact in clinical

diagnostics has been considerable,

Increased applicability of this technique was obtained by Regan

(1977a) who flashed the checkerboard at a faster rate (7-15 Hz) and




obtained a sinewave (Steady State) output from the brain whose averaged
amplitude was an equally good index of visual acuity. The amount of time
required to obtain the response in this manner was thus drastically
reduced. Further refinements of the technique (Regan, 1977b) resulted in
the ability to generate this measure without intruding with an ongoing
visual task. It is this nonobtrusiveness, along with its precision, that
makes the evoked response an attractive technique for human engineering,
medical, and educational applications since data can be collected while not
interfering with the subjects' primary performance (e.g. Donchin, 1977;

Prichard, 1981).

Use of the evoked response (both transient and steady state) is by no
means limited to visual acuity. Both the absolute latency and the differ-
ence in latency between the two eyes tested monocularly are sensitive indi-
cators of visual pathway functioning. A recent review by Chiappa and
Ropper (1982) discusses the use of these measures as indicators of such
diseases as optic neuritis, multiple sclerosis, glaucoma, Parkinson's
disease, amblyopia, and lesions and tumor compression of the anterior

visual pathways.

An evoked response can also be generated to auditory stimulation.
Several studies (Davies, 1976; Hecox & Galambos, 1974; Jewett & Williston,
1971) have described a click evoked response recorded from the human scalp
in the first 10 milliseconds (msec) after stimulation. The normal response
can be divided into distinct peaks that originate in specific midbrain and
peripheral structures along the auditory pathway. Further, this response

is independent of the cortical state of the subject. Thus, testing can be




accomplished with the subject awake, asleep, sedated, or while he is
attending to another task--enhancing its usefulness as a nonobtrusive

measure of auditory function.

The transient evoked response has also proved to be an extremely dura-
ble measure of cognitive relevance. After it was recognized that the
evoked responses to relevant stimuli were larger than those to nonrelevant
stimuli (Chapman, 1965), several investigations set about establishing the
parameters of the response which measured such relevance (Beck, 1975;
Donchin et al., 1967, 1969, 1970). It became clear that the major charac-
teristic of the evoked response sensitive to cognitive function is the
large positive peak which occurs between 200 and 500 msec after a discrete
stimulus. This peak is absent if decision or attention is not required
from the subject and, when it occurs, seems to be capable of indexing a
wide variety of stimulus meaning and relevance. Beck (1975) reviewed the
literature dealing with this positive component (called P3 or P300) and
concluded that it is enhanced when and only when cognitive information is
being actively processed. Further study of the amplitude and latency meas-
ures of the P300 and its associated peaks (both pre and post) have identi-
fied characteristic changes that occur in its morphology due to memory
load, fatigue, reaction time, and information processing time (Chapman,
1973; Donchin & Lindsley, 1966; Gomer, Spicuzza, & 0'Donn~11, 1976;

Squires, Wickens, Squires, & Donchin, 1976).

Specific research has also recently been directed toward using the
evoked potential in the assessment of applied behavioral and job-related

performance capabilities. For example, several investigators have used the




evoked response to assess residual attention while the workload or diffi-
culty of a visual task was increased (Wickens, Israel, & Donchin, 1976;
Wickens, Israel, McCarthy, Gopher, & Donchin, 1977). These investigators
presented an auditory task to their subjects during the course of a manual
tracking task. The secondary auditory task consisted simply of counting

the tones of a specific frequency.

Two frequency levels were used (high and low), and the counted tones
were presented less frequently than the tones not to be counted. The
evoked response was measured from the onset of each tone. Results demon-
strated a dramatic reduction in the evoked response amplitude of the
counted tones with the imposition of the tracking task. Analysis based on
the difficulty of the tracking task and the sequential dependency of the
evoked response to tine tone presentations provided a graded measure of
subject loading. These resu]ts‘are most intriguing since they suggest that
an unobtrusive, secondary auditory task is able to index the visual work-

load of a subject, and do so in a graded way.

Donchin and his colleagues (Israel, Wickens, Chesney, & Donchin, 1980)
took this discovery a step further and simulated an air traffic control
task composed of monitoring symbolic representations of aircraft moving in
straignt Tine paths across a display screen. The subjects were required to
manually respond to sudden changes in the displayed trajectories of certain
aircraft. Mental workload was manipulated by varying the number of air-
craft to be monitored simultaneously. Again, auditory probes were pre-
sented to the subjects as a series of low and high pitched tones. The

subjects were instructed to count the infrequent, high-pitched tones and to
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report the count at the end of each trial. It was found that certain com-
ponents of the evoked potential measured in response to the high tone
showed a monotonic reduction in area as the number of displayed aircraft

was increased from zero to eight.

Natani and Gomer (1981) in an attempt to take this technology out of
the laboratory and into a situation in which subjects performed operation-
' ally relevant tasks, used the above technique during flight simulation at a
McDonnell Douqglas Astronautics research facility. These authors employed
concurrent pilot tasks including following a prespecified flight profile
(through pitch and bank angle adjustments) while maintaining constant
airspeed; monitoring for auditory threat warnings, with switch activation
required for threat avoidance; and tracking, acquiring, and designating a
symbolic target on a monitor display. The simulation took the form of an
attack aircraft flying an air to ground strike. Workload was manipulated
by simulating wind gust disturbances which varied the difficulty of
following the pitch and bank angle demands required to maintain level
tlight. The high and low pitched tones were the auditory threat warnings
generated in the pilot's headphones. The low frequency tone indicated a
missile launch that required a pilot-initiated countermeasure. Again, tne
results showed a reliable decrease in evoked response area as well as an

increase in latency as the workload level increased.

In a related series of studies, Lewis (1983) and Lewis and Rimland,
(1980) attempted to test the potential use of evoked response measures in
predicting, or improving the prediction of, the performance of sonar opera-

tors and other Navy personnel required to make quick decisions and to
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possess high levels of spatial ability. For example, in an attempt to use

the evoked response to predict aviator performance, these authors generated
a series of hemispheric asymmetry studies aimed at differentiating pilots
from radar intercept officers. It was felt that pilots represented a group
of individuals who required superior spatial skills, while the radar inter-
cept operators required more analytic abilities. Since verbal or analytic
information is usually associated with left hemisphere activity, and
spatial or integrative processing with right hemisphere activity, it was
hypothesized that the evoked response measured simultaneously from both
hemispheres should show an asymmetry in favor of the dominant hemisphere.
Substantial evoked response differences were found between the two groups
and ongoing research is focussing on using this asymmetry as a predictor of

successful performance in these types of jobs.

Finally, a recent development in this area is a behaviorial assessment
battery called the Criterion Task Set (CTS) developed by Shingledecker
(1984) and designed specifically for applied human performance assessment.
This is a battery that can be presented on a single monitor with user-
friendly software. The tasks chosen for this battery are firmly based in
current theoretical models of perceptual-motor and cognitive behavior. It
has the added refinement of delineating (by task) three primary stages of
processing dedicated to perceptual input, central processing, and response
behavior. Within each of these stages are resources associated with the
mode of input (visual/auditory), the code in which the central processing
is performed (spatial imaginal/abstract symbolic), and the mode of response
output (manual/vocal). Further, this battery divides central processing to

differentiate between working memory and the specific types of processing




or decision functions that occur at this stage. The battery is also capa-
ble of presenting each task at three distinct difficulty levels. Although
developed primarily as a behavioral rather than a neurophysiological
battery, several of the tasks (manual response time, spatial processing,

tracking, etc.) are appropriate for concurrent evoked response measurement.

The discovery of the evoked potential and the research described above
has done much in terms of providing an objectively measurable indicator of
several aspects of human performance and condition. However, the range of
equipment required to carry out this type of research is staggering both in
numbers and in expense. The computers, stimulus equipment, calibrators,
filters, amplifiers, recording devices and analysis devices typically fill
an entire laboratory and can be configured to study only one type or aspect
of the evoked response at a time. To change, say, from studying the evoked
response to patterned stimuli to an experiment designed to analyze the P300
response to a memory task requires disconnecting equipment, introducing new
stimulus devices, recalibrating filters and amplifiers, changing software,
and connecting a completely different analysis device. The study of this
important human response would be enhanced indeed if it were possible to
construct a single device which incorporated stimulus generation, storage,
and analysis capabilities. Inter-laboratory standardization of measurement
would also be an important consequence of such a device. Access to the
prototype of such a device was provided by the Air Force for the purpose of
this study. The individual tests that were chosen for this study were
incorporated into the software of the device (hereafter referred to as the

test battery) and thus provided all the advantages of several separate




pieces of stimulus and analysis equipment currently found in clinical and

laboratory settings.

Once adequate reliability and validity were established by field
testing, the battery could be hard wired and, by means of extensive inter-
pretation guides, administered, analyzed, and interpreted by technicians,
hospital staff, and trained laboratory personnel without extensive profes-
sional assistance. The microminiaturization of such a battery would allow
its incorporation into human operated machine design to detect operator
fatigue, perceptual distortion, and performance degradation. A simple
feedback loop could be incorporated in the equipment to provide warning
once amplitudes and latencies exceeded a pre-set limit. The combination of
cognitive, perceptual and behavorial tasks would enable the battery to be
used in educational or assessment facilities. Software incorporation of
other measures specific to learning ability or specific capabilities
desired in a work environment would allow the battery to be used in
learning disability assessment and in job selection where potential work-
load is high. The military has obvious interest in such a device as a
means to imbed performance assessment capabilities into human operated
weapons systems. Interest has also been expressed by NASA which could
incorporate such a device in space environments where optimum human per-
formance is essential in man/machine interaction. The sensitivity of the
proposed measures to neurological damage, demyelination, and visual and
auditory pathway lesions would have implications in terms of the clinical
assessment of neurological integrity and diagnosis. In experimental or

human engineering settings, it is possible to conceive of the battery being




used as a standardized measure of fatigue, psychological distress, and

attention in both basic and applied settings.

In line with these proposed uses, the battery must be able to measure
visual, auditory, behavioral, cognitive, and physiological performance
either singly or simultaneously in a variety of settings. The problem that
arises at this point is how to calibrate the battery, i.e., to develop a
standard against which to gauge the potential performance decrement in
question. Most logically, use of an agent with known decremental effects
on the measures would be an appropriate first step. Measurement of a known
drug effect would serve the purposes of testing the battery's sensitivity
to a fixed dosage level and calibrating the battery to use the measured
effect as a standard against which to later gauge the effects of a variety

of chemical agents or conditions that produce similar decrements.

Several evoked response measures have been shown to exhibit considera-
ble psychophysiological sensitivity to the benzodiazepines. Chlordiaze-
poxide, nitrazepam, oxazepam, and diazepam have generally been found to
impair psychomotor skills, depress critical fiicker fusion and auditory
flutter fusion thresholds, increase the latency and decrease the amplitude
of both somatosensory and visual evoked potentials, and decrease subjective
mood levels and attentiveness (Kleinknecht & Donaldson, 1975; Shagass,
1974; Shagass & Straumanis, 1978; Sherwin, 1971). The drug that produces
the most consistent effects on these measures is diazepam (Valium). The
relative absence of adverse side effects with clinical doses (.50-10 milli-
grams [mg] intravenously and 5-20 mg orally), less drowsiness, low overdose

potential, and high tolerance made diazepam an ideal drug for this study.




Learning and memory tasks have also been used to study the decremental
effects of diazepam exposure and have resulted in the conclusion that
diazepam impairs the retention of new information rather than the retrieval
of previously learned material (Clarke, Eccersely, Frisby, & Thornton,
1970; Haffner et al., 1973; Liljequist, Linnoila, & Mattila, 1978).
Finally, increased workload and diazepam induce similar decrements in the
amplitude and increases in the latency of various components on the evoked
response. These, combined with an increased error rate and longer reaction
times, have been found to correspond to decrements in attention, psycho-
motor skills, perception, vigilance, and cognitive performance capabilities
(Donchin, 1977; Rizzuto & O'Donnell, 1981; Seppala, Pavla, Matilla,

Kortilla, & Shrotriya, 1980; Wickens, Israel, & Donchin, 1977; Wilson &

0'Donnell, 1980).

Accordingly, a pilot study was completed (Rizzuto, Wilson, Palmer, &
Yates, 1984) that employed a single 5 mg oral dose of diazepam and placebo
in a double-blind, repeated measures design and measured pre- and post-
ingestion effects on a wide range of evoked response and clinical measures
sensitive to diazepam induced performance decrements. These measures
included the steady state evoked response to both patterned and unpatterned
stimuli, a short term memory task, grip strength and electromyographic
measures, an auditory evoked response, a transient visual evoked response,
and a critical flicker fusion threshold measurement. The Smg dose was
employed as a conservative dosage level that would allow the observation of
any potential untoward effects of tranquilizer ingestion in an essentially

diazepam-naive group of subjects.
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The results of the pilot st.udy indicated no generalized significant
effect on any of the visual, auditory, memory, behavioral, or physiological
variables studies. Self reports of subjective, postingestion effects indi-
cated that the majority of subjects felt no different after either diazepam
or placebo ingestion. Two subjects reported feeling slightly more relaxed
after the diazepam ingestion but could not differentiate as to whether the
feeling was caused by the drug or by the fact that they had been sitting
comfortably for half an hour. Their performance, in either case, was not
different from the performance of subjects who reportedly felt no different

from the way they had before drug ingestion.

Given that the majority of studies in the literature used 10-20mg of
oral diazepam before achieving significant effects, these were not sur-
prising results. One review article (Kleinknecht & Donaldson, 1975) showed
that out of 24 studies reviewed that measured cognitive or psychomotor per-
formance, 21 used a 10-20mg dosage with significant effects centering pri-

marily in the 15-20mg range.

Since, in the current experiment, we intended to measure several of
the same types of variables presented in the literature (memory, coordina-
tion, vision, reaction time, etc.) it was considered desirable to use a
diazepam dosage designed to yield consistent and replicable effects. Given
that the literature reviewed indicated that some of the proposed subtests
may be more sensitive to drug effects than others and that the lower dosage
levels yielded inconsistent or nonsignificant results, the use of a higher
dosage level seemed appropriate. The present experiment, therefore, was

designed around a 10mg oral dose of diazepam in an attempt to increase the

11




measurable effect size using essentially the same paradigm as the pilot
study. The 10mg dose is well supported in the literature and is within
normal clinical dosage range (Physician's Desk Reference, 1985). It was
anticipated that the sensitivity of these measures would result in measura-
ble differences from baseline levels that were not previously detected by

the majority of the methods reported in the literature.

In addition to the increase in dosage level, the current study was
modified by dropping the grip strength and electromyographic measures used
in the pilot study and adding two tasks from Shingledecker's (1984) CTS
behavioral battery. This was done for several reasons. First, the grip
strength data (generated by a hand-held dynamometer) was by far the least
objective as well as the least automated measure in the pilot study. Data
collection required the experimenters to gauge the displacement of a meter
while the subject squeezed the dynamometer, and subjectively decide when
the displacement was at maximum. Second, the electromyographic data col-
lected concurrently with the squeeze was complietely lost due to an equip-
ment design flaw. Although the malfunction was correctable, the two CTS
tasks (described in detail in the methods section) offer fully automated
data collection and more potential information and sensitivity in pin-
pointing where potential input, processing, or output decrements are
occurring in response to the drug. More importantly, the two CTS tasks
chosen (spatial processing and unstable tracking) offer an opportunity to
increase the ecological validity of the prototype battery by testing the
human resources required for the processing or production of spatial infor-
mation, manipulation, manual response, and speed and accuracy. These, in

turn, are related to the behaviors of maintaining orientation, pattern

12




identification, position analysis, manual control, error correction, and
control actuation. Finally, the unique capability of the simultaneous
measurement of visual and cognitive evoked responses during CTS task per-
formance was added to the battery to offer neurophysiological evidence of
behavioral performance decrements due to the drug as well as decrements due

to the workload level.

The aim of the current study was to use the revised test battery to:
(1) ascertain its measurement of overall performance effects during human
exposure to an increased (10mg) oral dose of diazepam and placebo, (2) to
gauge which of the subtests, if any, are differentially sensitive to diaze-
pam 2t this dosage level, (3) to increase the sensitivity and ecological
validity of the battery by adding behavioral tasks designed to measure
spatial processing and tracking abilities, and (4) upon finding these
answers, to calibrate and refine the battery for use in further research

and validation.

13




METHOD

Subjects

Air Force active duty male volunteers were solicited through basewide
advertisement in a weekly bulletin at Wright-Patterson Air Force Base,
Ohio. Potential subjects were administered the Cornell Medical Index
(Weider, Wolff, Brodman, Mittelmann, & Wechsler, 1949) to screen psycho-
somatic and neuropsychiatric disturbance. A stringent cutoff level was
established allowing rejection of any subject scoring 7 out of 101 possible
affirmative answers. This cutoff allowed rejection of approximately 90% of
all testees with indications of a neuropsychiatric or psychosomatic dis-
order. The potential subjects were next interviewed by the experimenter
who ascertained family and individual psychiatric and medical history, past
and current medication use, allergies to any drugs, previous diazepam
experience, seizure history, visual and auditory difficulties, alcohol use,
glaucoma history, depression, suicidal tendencies, and a subjective evalua-
tion of the individual's emotional stability. Finally, the volunteers were
given a brief medical examination by an Air Force physician who alsc made a
final evaluation regarding any medical or psychiatric history that was in
question. Surprisingly, none of the volunteers was rejected by the Corneil
Index or any of the other criteria. Attrition was due solely to schedule

and work conflicts.

In this manner, 28 male subjects were selected for the experiment.
Each was given both an oral and a written explanation of the study, pro-

vided the opportunity to ask questions, and asked to sign 2 consent form.
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Subjects were told that the study was to evaluate the effects of various
substances on several performance measures, and that one of the substances

of interest that they may have heard about previously was valium.

Procedure

Prior to their actual day of service, subjects were introduced to the
laboratory, seated inside the sound and light proof test chamber, and given
exposure to each test condition on which they were to be measured. The
tests were presented in the same order as they were to be presented during
the experiment and consisted of the steady state evoked response to an
unpatterned stimulus, a short term memory task designed by Sternberg
(1969), a spatial processing task (CTS), a tracking task (CTS), an auditory
discrimination task, the steady state evoked response to a patterned check-
erboard stimulus, the transient evoked response to a strobe light, and a
critical flicker fusion threshold measurement. Each of these is described
in more detail below. This procedure gave each subject the opportunity to
familiarize himself with the modes of stimulus presentation and to practice
those tasks requiring subject response. Subsequent practice (approximately
2 hours) was given on the two CTS tasks to ensure asymptotic performance.
Subjects were then scheduled for two service days separated by a 48 hour
inter-session interval (to allow the ingested diazepam to pass from the
system between actual measurement days). Subjects were cautioned not to
ingest any alcohol or medication for 12 hours before and after each meas-
urement session. They were also advised to get a normal night's sleep

prior to the day of their participation and to eat a light breakfast
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beforehand. Each was asked to verify these conditions on the days of

service,

The study employed a double blind, two session (diazepam and placebo)
repeated measures design with each subject acting as his own control.
Thus, on his first day of participation, each subject was first tested on
each of the measures to establish baseline levels. After completion, the
experimenter administered and observed ingestion of one of two possible
unmarked capsules taken from separately numbered bottles. One bottle
contained 10mg capsules of diazepam, and the other an identical capsule
containing the placebo. The balanced design resulted in 14 randomly
assigned subjects receiving a capsule from bottle number 1 on their first
day of service and 14 subjects receiving a capsule from bottle number 2 on
their first day. Since the peak effect of the diazepam was expected
approximately one hour after ingestion (Physician's Desk Reference, 1985),
and subject measurement time took approximately 60 minutes, the retests did
not begin until 30 minutes after ingestion. This resulted in peak drug
effect occurring during the middle of each measurement session. The
retests were administered in the same order as the baseline sequence to
obtain approximately equal test/retest time intervals. At the completion
of the retest session, subjects were again checked by the physician if
necessary to assess any persistent symptoms. The pharmokinetics of diaze-
pam are such that any significant effects were absent by the end of the
duty day. The medical monitor remained on site until the peak drug effect
had passed. In contrast with the previous exper{ment using Smg where all
subjects were allowed to return to their duty stations, subjects in this

experiment were transported to their place of residence and not allowed to
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drive or return to their duty station until the next day. Attempts were
also made to have someone on the premises to monitor the subject should any
symptoms develop or persist. The phone numbers of the experimenter and the
medical monitor were provided to each subject. Three subjects were run
each morning between 8 a.m. and 12 noon to ensure that any possible drug
effects would be gone by the end of the duty day, and to control for circa-
dian effects. Two mornings later, the subjects arrived in the same order
and the same test/retest procedure was followed. The only difference was
that each subject was administered the capsule he had not received on his

first day of service.

Equipment -Testing Sequence

During measurement sessions, electroencephalograms were recorded on
magnetic tape from both the occipital (0Z) and parietal (PZ) lobes via
Beckman silver/silver chloride electrodes attached to the scalp with adhe-
sive collars and grounded to the mastoids according to the international
10-20 electrode placement system (Jasper, 1958). Resistance between the
electrodes was less than 5 Kohms. Electrooculograms were recorded in the
same manner from an electrode placed above the right eyebrow. All electri-
cal data from the skull was amplified and filtered through standard Grass
PS11 AC amplifiers with an effective bandpass of .1 to 300 Hz before
recording. All subjects were visible to the experimenters by means of a TV
camera trained on the subject's face and connected to an external monitor
outside the subject booih. Leads from the skull were attached to a patch
box which fed subjects' data to all measurement equipment outside the sub-

ject booth, All stimuli were visible through a glass window in the wall of
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the subject booth approximately 80 cm from where the subjects were

seated. The prototype battery whose software was used to control stimulus
presentation and ultimately averaged and analyzed most of the subjects'
data consists of an LSI 11/23 microprocessor utilizing 16 channels of
amplified physiological and psychophysiological data. The sequence of
tests during each of the four measurement sessions (Baseline 1, Day 1 Post-
Ingestion, Baseline 2, Day 2 Post-Ingestion) and the apparatus specific to

the individual tasks was as follows:

Steady state evoked response to unpatterned stimuli. The steady state

avoked response to unpatterned stimuli was elicited by two small horizontal
flickering fluorescent tubes 23.5cm long and 12.lcm apart. The subject was
told to fixate on a black dot between the tubes on a white background and
not to blink during the test. The tubes were sinusoidally modulated at
three separate frequency classes (low, medium, high) each consisting of the
sum of three separate frequencies within the class (8, 9, and 12.z for
Tow; 14, 17, and 20Hz for medium; and 42, 46, and 50Hz for high). The
space averaged luminance was approximately 50 foot-lamberts. Data from
this test was acquired from two analog-to-digital channels (EEG and stimu-
lus) where the stimulus channel was input from the light source as measured
by a photodetector and EEG was recorded from the occiput. The measurement
of stimulus and EEG data, ?veraged over 20, two second epochs for each
stimulus class, was carried out by the test battery and stored on a tempo-
rary disc for later analysis. Data collection time was approximately

3 minutes. This measure was designed to yield information about the sub-
ject's visual perception and neural transmission speed in the visual

cortex.
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Auditory discrimination task. The subject was next handed a pair of

lightweight earphones and told that he would be presented with a series of
short tones - some low (1200Hz) and some high (1400 Hz). He was also told
that the high tones would occur less frequently than the low tones (about
80:20) and that the task was to count the high tones. After the subject
was seated back comfortably with eyes closed (to control for eye movements
and blinks) and earphones in place, the task was begun. The test battery
presented approximately 100 tones at two second intervals. Tone epoch
length was 100ms and the proportion of high to low was random at about
20-25% high. In addition, the test battery generated a trigger pulse 150ms
prior to the onset of each tone and recorded the brain's response {auditory
evoked potential) from that point to 850ms after tone presentation.
Responses to both high and low tones were stored separately for future
analysis. At the conclusion of the task, the subject was asked to report
the number of high tones counted, and'the number was recorded for later

comparison with the number of high tones the battery had generated.

Unstable tracking task. After a brief rest, the subject was presented

with an unstable tracking task on a television monitor (CRT) (Jex,
McDonnell, & Phatak, 1966). This task places variable demands on human
information processing resources dedicated to the execution of rapid and
accurate manual responses. During this task, the subject viewed a small,
fixed target area in the center of the CKT. A cursor moved vertically from
the center of the screen and the subject's task was to attempt to keep the
cursor centered over the target area by left and right movements on a hand
held control stick. The active area of the display was t 9.5m, and aver-

age luminance was 30-35 foot-lamberts. The task is unstable in that the
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subject's input introduces error into the system which is magnified--
resulting in increasing necessity to respond to the velocity of the cursor
movement as well as to cursor position. If the subject lost control and
the cursor traveled to the edge of the display, it was automatically reset
to the display center and the subject continued tracking. The test battery
generated measures of tracking error and control losses as dependent vari-
ables. The subject was presented with two trials (three minutes each)
corresponding to two different experimenter controlled demand levels that
varied the manual control difficulty. Additionally, the task was pro-
grammed to cause the moving cursor to blink off every six seconds and
reappear 200ms later. In this manner, the test battery recorded a transi-
ent evoked response to approximately 30 blinks from 150ms before to 850ms

after blink onset and stored them for future analysis.

Short term memory task. The subject was given a brief rest, and his

attention was again directed to the CRT for presentation of the short term
memory task (after Sternberg, 1969). The subject was then told that he
would be presented with a single two digit number in the center of the
screen which he was to memorize. When the subject indicated that he was
ready, software presented random two digit numbers (the negative set) some
of which were the memorized number (positive set). The subject was told to
decide as quickly and as accurately as possible to which set the number
belonged, and to indicate his choice on a hand held- response box. The
subject was given as much time as necessary for memorization and was told
not to blink during number presentations. After the presentation of

40 numbers and a brief rest, the program was recycled to present a three-

number and a five-number memory set following the same procedure. Each
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number was approximately 20mm wide and 12mm high with an average luminance
of 35 foot-lamberts. Each number was on the screen for 200ms and the
interstimulus interval was randomly generated to between 1.5 and

2 seconds. The proportion of positive to negative numbers was 50:50
resulting in 20 positive and 20 negative trials for each memory set. Two
digit numbers were used to avoid the repetition of any number during the
practice or the four experimental runs. During the presentation of each
memory set, the microprocessor stored the response to each letter in terms
of correct/incorrect and the reaction time from the onset of each letter to
the button press. These data were also sent to disc for later analysis.
In addicion, a trigger pulse was generated to the onset of each number,
both positive and negative, which caused the test battery to record both
electroencephalographic and eye blink responses for 850ms after stimulus
appearance. These data were also stored on a temporary disc for later

analysis. Run time for this task was approximately 5-6 minutes.

Spatial processing task. The subject's attention was again directed

to the CRT screen for the Criterion Task Set (Shingledecker, 1984) spatial
processing task. This is a standardized loading task designed to place
variable demands upon information processing resources required for the
manipulation and comparison of spatial information. This task required the
subject to view a series of 23 to 28 pairs of histograms presented one at a
time. The subject was told to decide whether the second histogram in each
set of two (the comparison item) was identical to the first (the target
item) and to respond either positively or negatively by means of a hand
held response box. The proportion of "same" to "